It is well known that residual stress occurs in many materials and structures, and it will influence the features of the specimen. A new judging method of residual stress based on improved Hilbert-Huang transform (HHT) and image information correlation analysis. Experiment study is carried out on two types of high strength aluminum alloy plate with or without the residual stress, respectively. The local Hilbert spectrum of each intrinsic mode function (IMF) and edge structure similarity coefficients under the two conditions are given. The results show that the changing regulations can be got and the IMF component which is great influenced by the residual stress can also be found out by this method. This method provides a new technique to judge residual stress in this kind of specimen.
Introduction
Residual stress is the stress within a material that remains stationary and at equilibrium with its surroundings [1] . The engineering properties of materials and structural components can be considerably influenced by it [2] . Accordingly, the study of residual stress is a compulsory stage during the design and manufacturing of structural elements and products.
Recently, some studies have been carried out on the relationship between residual stress and the physical features of the specimen [3] [4] . For mechanical systems vibration signal, the IMF components reflect the nature vibration mode function which contain physical features [5] . So, we can use HHT method to judge the different stress conditions of the specimen.
In this paper, a new judging method of residual stress which is based on Hilbert-Huang transform (HHT) [6] and image information correlation is introduced. The characteristics of the local Hilbert spectrum of high strength aluminum alloy plate in different stress condition are analyzed by image information correlation method, and obtained the internal rules of the component with or without the residual stress through the difference of their local Hilbert spectrum. And the main findings based on the obtained result are introduced in this paper.
Improved Hilbert-Huang Transform

EEMD Method
The EEMD performs the EMD over an ensemble of the signal plus Gaussian white noise [7] . The white noise solves the mode mixing problem by populating the whole time-frequency space to take advantage of the dyadic filter bank behavior of the EMD. EEMD algorithm can be described as follows: 
and further instantaneous frequency can be calculated:
We can get:
On the type of (3) , Re represents the real part, the residual amount of rn is omitted here. The type of (3) is called the Hilbert amplitude spectrum, referred to as the Hilbert spectrum.
The Hilbert spectrum offers a measure of amplitude contribution from each frequency and time. The local Hilbert spectrum of each IMF component is given as:
Edge Structure Similarity Analysis
The local Hilbert spectrum offers a measure of amplitude (energy) from each frequency and time. In order to distinguish the difference of local Hilbert spectrum of the specimen in different stress conditions, here propose a new image matching method: image information correlation analysis (IICA) method. X{xii=1,2,…,N} and Y{yii=1,2,…,N} is the local Hilbert spectrum of the specimen without and with residual stresses; x and y is the average brightness of the X and Y; x and y is the standard deviation of the X and Y; xy is the co-variance of x and y.
The structure change coefficient of the two local Hilbert spectrum is s(x,y): 
IICA method is proposed based on the image information, and the relevance theory is used to reflect the similarity degree of the two images. From the three properties off Eq.(6), we can get that the more similar of the two test image, the image correlation is more higher and the correlation coefficient is more close to 1.
In the process of image correlation calculation, the denominator in Eq.(6) may be equal to 0, in order to avoid this problem, a small constant  ( 1) is added to Eq.(6). In this paper,  =0.001, the modified IICC is defined as:
Experimental Studies
Materials used for the test is 7075 high strength aluminum alloy plates, for this sample. The size of the sample is 500 mm  50 mm  8mm. One of the samples is surface milling and hardening, another sample without these treatments. The experimental setup includes a testing specimen, oscillation and analysis system. The oscillation and analysis system is composed of one acceleration sensor, hammer, Brüel & Kjӕr 3050 data collector, PULSE analysis software and a computer. The sampling frequency is 6400 Hz and the sampling is 5s.
In order to make the measurement reliable and reduce the influence of other factors, one end of the sample is fixed. For reducing the error of EEMD decomposition, improve the decomposition speed and ensure the accuracy of the analysis, select the time points for 9000 to analyze. Figure 1 shows the vibration signals of the specimen with and without the residual stress. Even the amplitude of the spacemen have some differences. But more information about the specimen or its state can not get. The signals are decomposed by EEMD method, the ensemble size M=500 and noise standard deviation  =0.02, they all get 13 IMF components, and the local Hilbert spectrum of each IMF component is obtained by Hilbert transform. Due to the limitation of the size of the specimen and the stress level of the quenching, the residual stress has little effect on the low frequency of the sample [8] . In many engineering applications, the working frequency of most parts is in the low frequency range, it will be difficult to attract the attention of researchers and operators, and it will exist safety hidden trouble. For this reason, Figure 2and From Figure 2 and Figure 3 we can know that the three-dimensional graph of local Hilbert spectrum is more intuitive and accurate reflected the difference of amplitude-frequency-time of each IMF component. For the test sample, the stress state is different; there is also a big difference in the local Hilbert spectrum. To find out the intrinsic variation law of the sample affected by the residual stress, the IICA method is applied. Figure 4 is shown the value of IICC of the specimen without or with the residual stress, and the value of entirety grayscale correlation coefficient (EGCC) is also shown in Figure 4 . The IMF components of signal are decomposed by EEMD include different frequency bands ranging from high to low. The frequency components contained in each frequency band are different and change with the variation of signal itself. Therefore, the IMF component can reflect the residual stress in the sample. From Figure 4 we can know that the IICC values of IMF9 ~ IMF12 are obviously less than other IMF components, especially for IMF12. This shows that it is the most sensitive IMF component of residual stress. From the above analysis, although the low frequency of the specimen is less affected by the residual stress and the conventional method is difficult to detect, but the method proposed in this paper is still able to effectively distinguish the sensitivity of the low IMF component of the aluminum plate for the residual stress. So, we can use this technique to determine the existence of residual stress in similar samples.
Conclusions
(1) The effect of residual stress on the physical properties of the material is an objective existence, the image information in the local Hilbert spectrum of the quenched aluminum alloy are quite different than that in the normal condition.
(2) With the increase of the order of IMF component, the influence degree or the change of IICC is also increased in general.
(3) There are some relationship between the residual stress and the IMF components of the quenched aluminum alloy, the method proposed in this paper provides a new way to determine the existence of residual stress of this sample. It has great reference value and guiding significance to study the relationship between the residual stress and the IMF components of the sample.
